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(54) Non-volatile memory device with configurable 

(57) This invention relates to a non-volatile memory 
device (20) with configurable row redundancy, compris- 
ing: 

. a non-volatile memory (11) comprising of at least 
one matrix (1V) of memory cells and at least one 
matrix (1 1 ") of redundant memory cells, both organ- 
ised into rows and columns; 

- row and column decoding circuits (1 2,1 3); 

- read and modify circuits for reading and modifying 
data stored in the memory cells; and 

- at least one associative memory matrix (14), also 
organised into rows and columns, able to store the 
addresses of faulty rows, and control circuits for 
controlling the associative memory matrix. 

The memory device (20) of this invention further 
comprises: 

- at least one circuit for recognising and comparing 
selected row addresses (ADr) with faulty row ad- 
dresses (ADrr) contained in the associative memo- 
ry matrix (14), such as to produce de-selection of 
the faulty row and selection of the corresponding 
redundant cell row in the event of a valid recogni- 
tion; and 

at least one configuration register (17), also com- 
prising a matrix of non-volatile memory cells, and 
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Description 

Field of the Invention 

prising: 

. a non-volatile memo* ttseK comprising at .east one matrix of memory celte and at ieast one matrix of redundant 
10 memory cells, both organised into rows and columns; 

row and column decoding circuits; 

- read and modify circuits for reading and modifying data stored in the memory cells; and 

15 . at least one associative memory matrix, also organised into rows and columns able to store the addresses of 
faulty rows and related control circuits for controlling the associative memory matnx. 

ence to this field of application for convenience of explanation only. 
Prior Art 
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f00041 As it is well known a semiconductor non-volatile memory device of the soiled "W*™^^ "J* 
KrOMs otSrOMs, basically comprises a matrix of memory cells whfch accounts for a good propomon 

mmmmm 

nterior but also through ancillary circuits to such matrix. However, in considerate ritakjMM occup.ed by 
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50 foo^l'Te'cSofthetypeo^ 

Sancy -SS, is esseLify L to the knowledge of the distribution and typology of the faults appeanng ,n the 
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start of the manufacturing process. „ q . i|itv of redund ancy architecture associated with a matrix 

y^tESS becomes a serious problem with the row redundancy techniques, which heavily pe- 
Ede^e S is P therefore, fixed and unvaried ^^^S^Pt^ « — to ^ 

SrSS 1 architecture aimed to reduced the access time of high corrective capacity soiutions making use 
of redundant rows is schematically shown in Figure 1. ce||s whjch are organ ised 

[0022] Partteularty, the archftecture '^^^f^Z^ biock 4, as well as a read block 5. 
into regular rows and columns, a row ^°^^^^^l ere ) and output buffers. 

Seto^tbit-fails spread with equal P^^^^t^'«^ 

[0025] The architecture 1 finally compnses a memory 7 of the UP W ^ ^ above 

»jrsrs^s— ^^^^ 

I00J31 By using .tochnologfcal pr«ess «* « mre *™" ' . ,„„ are re8 Ked «itt> a first menl level. 

the access to the latter will be fully transparent to to ' "J^ ^ row permanently into non-volatile 

[0035] This replacement operation compnses storing ^ « ™ y h iatjve memory 6 . 

memory celis of the UPROM (Unerasable P "9™^ wherein the UPR ° M C * " 

[0036] ItshouldbespeonledmatmetermUPRO^ 

'realised in a dWerent manner from the -mo** 0 ^ '"^S ^ and Lrefore the UPROM cells realised 
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technology. rorii.ndant lines can be predecoded by the same row decoding 

level technology, with hierarchic column deeding JJ^J^J*^ JU and with a shared source.^ 
redundant cells provided in an "J ^unoS sector is associated with that of the sector wh«h 

to be erased ^ w redundancy * usually longer than 

[0 040] The time for accessing a memory word m an ^hrtectu' b * s * a addjtiona| time required for redundancy 
Snat provided by architectures that do not emp£y ; ^J^Jj^ etc .). This time is of about 10ns for 

due to the different organisation of M nMI^ J^Sng high parallelism during a burst read mode, the 
[0042] in particular, in multimegabrt flash ^^S^^^^^^ «*" ° f rows - Consequently, the row 
memory sectors are designed to include a , s| 9 n «JX because o Z increased RC load associated therewith, 
pre-charge time will be longer than the column "JM^j^JJ « °f m* « jn case of reading wfth a 

[0043] For a given line load, pre-charge una. ILvel memoL or conventional two-level 

rmsr^ 

^"minimise thereof on ^^^^^^^^^ 
Leously pre-charging of both the sfcted *nd th ° ^ row 
replaced, at every change of address forced from ^ 
is camedout during therowpre-char^ 
timecan be achievedforboth devices p^ 

[0045] in summary, this prior archtecture does enhance ^^ryc^ having hierarchic decoding features. 

prede!ermined number of redundant rows, by ™!^7aS£Z^w» locaTco.umn decoding. 
In partfcular of the redundant mws bemg orgams^w^ 

[00*>] This particular hierarchic decod.ng ^"^^^^^ time , n fact, with this architecture, some 
maximising corrects capabilfty without penalty TJ^^STS acc ess time to the memory words. The 
funf na, opera = ^^J^^S^^ the time required for pre-charging a 

control, wfth such structure, and functional features as £ ^SLtf arlectures. 
rectfce capabiiity, thereby overcoming the drawback and Mrton. o pno^ * ^ f ab Qf the 

[0049] Thus, the capability to ^^^^^SJe^abllty of the architecture and its effect on 
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Summary of the Invention 



reading the following description of an embodiment tnereor, given oy y 



the accompanying drawings. 
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Rriftf Descri ption of the Drawings 
[0053] In the drawings: 

. Figure 1 schematically shows a memory device w«h redundancy, according to the prior art; 
. Figure 2 schematic^ shows a memory matrix w*h row redundancy, according to the Invention; 
. Figures 3A and 3B show the memory matrix of Figure 2 in greater detail; 
. Figure 4 schematically shows a detail of the memory matrix of figure 2; 

vention. 
Detailed Description 

too*, ^^^^<r^^^X^l!SSSSS^ 

dorstood lhat M ovpoaodod oor»kfcrt«k™ ow^< • ™W mMMme ^ hierarchU; ,o» and 

groups 01 v ' ' V f„ „;„„,! ™«a«ed vlh at least ooo ro» rertuodanoy aaomt 

[00591 Each vortical aecaor group VI, VZ...Vn reaur ,ddndy saotar k provided lac oaot, 

because of no characterising value to the invent™ | a redundant row having the same 
[0064] In the organisation shown in Figure 2 each serfor row e replay y y jned number of 

pre-decoding signais corresponding to it.inaddrtion to ^^^^^^J^^^***- 

$rr 8U ^ — with each o,her - and M * 
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[0065] hor sucn purpu&c, me — , 

oon.ootod to a voltage generator through ltlc ^ are ,„„.d h tovareeietMy polystlldon. 

[00061 Wren using CMOS >«*™*^^J2^C**-> lines cad bo p.rrdlel oaooo«ert to 

event apt to result in the creation of shorts at one or more spots. lithographic patterning, the 
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available technologies, can bring faultiness to such a low level that redundancy techniques becomes unnecessary. 
[0071] Actually, increased levels of faultiness appear at the start of the manufacturing process, and justify the appli- 
cation of a row or column redundancy technique. It is often necessary, in actual practice, to recover a row or a small 
group of adjoining rows due to local faultiness from the technological process. 
5 [0072J As regards the application of the memory architecture 10 of this invention, two separate cases should be 
considered: 

1) two faulty rows scattered within the same sector occur in Ns sectors; 

10 2) more than two faulty rows scattered in different sectors occur in Ns sectors. 

[0073] It should be noted that a minimum target of the redundancy technique is the replacement of a fault in a row 
which is equally likely to be spread through all the rows of the matrix 11 ; a general target of maximum coverage is 
instead the correction of a larger number of row faults, located everywhere. 
is [0074] The memory architecture 10 of this invention practically affords increased corrective capability since, in the 
general case, a redundant sector Ri (M, 2,...,n) can be used to replace just the faulty rows belonging only to the 
corresponding vertical sector group Vi, as shown in Figures 3A and 3B. 

[0075] In particular, this architecture 10 with row redundancy provides two main fault coverages, in a configurable 
style: 

20 

1.1) n/n; 
2.1) 1/n. 

25 [0076] In practice, for a memory architecture having Ns=64 memory sectors arranged in n=8 vertical groups and 
m=8 horizontal sector groups, the configurable corrective capability of an architecture according to the invention is: 

1.1)8/8 recoverable faults from a single sector of 64 sectors; 

30 2.1) 1/8 independently recoverable faults from a single sector of 8 sectors. 

[0077] Figure 3 schematically shows, by way of example, an organisation of the memory 1 0, with minimum coverage 
of 8/8 and maximum coverage of 1/8 for a predetermined number (8) of redundancy sectors. 
[0078] Architectures can be likewise implemented with corrective capability in between 8/8 and 1/8. For example, it 
35 is possible to cover faults located in groups of 1 6 or 32 sectors (corrective capability of 1/4 and 1/2, respectively). 
[0079] The choice of the solution to be applied is dependent on the compromise between the corrective capability 
and the silicon area required by the architecture 10, in particular dependent on the UPROM circuitry associated with 
the redundancy. In selecting the corrective capability, its effect on the access time to a memory word is also taken into 
account. 

40 [0080] The information about the addresses of faulty rows is stored into non-volatile memory cells included in asso- 
ciative memory matrix 14 which receives at its input the row address ADr and has its output connected to the decoding 
blocks 12 and 13. 

[0081] In particular, each row of the associative memory matrix 14 contains the addresses of the faulty rows of a 
single sector of a given vertical sector group. Thus, the number of columns varies according to the spare rows available 

45 for each sector, as schematically shown in Figure 4. 

[0082] Figure 4 shows an associative memory matrix 14, organised, for example, into 8 rows and addressed by 
means of a dedicated row decoder 15. In particular, a cell address AD is split into a vertical group address ADv which 
is sent to the dedicated row decoder 15, and a row address ADr which is sent to logic control circuitry 16. 
[0083] A row address ADrr of the associative memory matrix 1 4 is then compared with the current row address ADr 

50 by the logic control circuitry 16, which outputs a redundancy event signal RE. In particular, if the current row signal ADr 
happens to be the same as the redundant row signal ADrr, a positive redundancy event RE is signalled effective to 
control the replacement of faulty rows in a memory matrix 11 associated with the associative memory matrix 14. 
[0084] Of course, with the architectural layout shown in Figure 4, only one row at a time of the associative memory 
matrix 14 can be selected, as is the case with conventional NORed memory architectures. Thus, at each change of 

55 row in the associative memory matrix 14, the corresponding memory cells in the memory matrix 11 are read and their 
addresses compared once again. 

[0085] It should be noted that, in the instance of 8/8 coverage, bit-fail situations are present only in the same sector 
within the memory matrix 11 . 
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rnnitti A«wdinalv the positions of faulty rows can be identified during the memory testing and stored into the as- 

SST inthiscase.thecorrectlvecapabi.ityofth.memorya^it^ 

to the number of vertical sector groups. ..„,„...„_. 

[0090] The situations in the above extreme cases can be summarised as follows. 



Organisation 


Coverage 


Associative matrix reading 


8/8 
1/8 


1 sector/64 
1 sector/8 


Reset 
ATD 



[0091] A non-volatile memory device with configurable row redundancy k schematically shown in Figure 5 and in- 
dicated with 20. 

[0092] The memory device 20 comprises: 

- a non-volatile memory 11 consisting of at least one matrix IV of memory cells and at least one matrix 11" of 
redundant memory cells, both organised in the row and column form; 

- row 12 and column 13 decoding circuits; 

- read and modify circuits for reading and modifying Ihe data stored in the memory eel* (not shown because con- 
ventional); and 

- at least one associative memory matrix 1 4, also organised in the row - 

. and column form, wherein the addresses of faulty rows can be stored, and associated control circuits therefor. 
[0093] Advantageously in the invention, the memory device 20 further comprises: 

of a corresponding redundant cells row in the event of a valid recognit.on: and 

. a tleastoneconfigurationregister1^^ 
circuits. 

,00941 in parte*, the osoooioUve mon,.„ moo* 14 MM ft. low .00.000 0*001 AOr. ond k oonnoo.od to th. 

SSTtEwESK'i-*-. " * m *™ m "' " *• ESW s,,9e ' "* , " 6 

°oSt] Inlonoallon to too- Iron, Iho ooooolatloo momor, n»tn> 14. oonng .oaOIno o, pooo-aovolng oporoOooo .1 o 
memory word frorn/into a matrix, in two different ways: 
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only once during recovery at the reset or power-up stages of the device (8/8 coverage, for example); 
at each change of access address by means of an ADT signa. (1/8, 1/4, 1/2 coverages, for example). 
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[0 098, During erase operations of a cel. matrix, the information read in the associative memory matrix 14 is made 
only on the matrix address information. linrttftthA invention has column decoding of the hierarchic 

m.*«>»ssi»»>*«.ti"de r de^ 

cell matrix (as previously described in relation to Figure 2). associative memory matrix 14, having local 

is at least one row redundancy matrix provided tot each »^ J™ Ba! a porM to, seisc** a 

SSJl To summarise, the proposed solution has the following advantages, whereby. 

. possibil^toconfigure^^ 
20 redundant rows; 

. the corrective capability can be set at the.ESW stage by programming specially dedicated configuration bits into 
the configuration register 17; 

with full coverage). 

[0 105, Furthermore,^.^ 
30 modes of operation: 

40 ptSf ■ It is further possible to operate the memory device 20 in the following modes: 

activate at each read or program operation of a memory cell, the comparison of the row address where the 
" ^^JSl^^cLm of a given row of the associative memory matnx 14; 

" - ateacheraseoperationofamemoryma^ 

and the contents of a given row of the associative memory matnx 14. 



so Claims 

1. A non-volatile memory device (20) with configurable row redundancy, comprising: 

. a non-volatiie memory (11), itself comprising at .east one matrix (1V) of memory ce„s and at least one matrix 
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(11-) of redundant memory cells, both organised into rows and columns; 
row and column decoding circuits (12,13); 
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read and modify circuits for reading and modifying data stored in the memory cells; and 

, at.eastoneasso« 

of the faulty rows, and control circuits for controlling the associative memory matnx, 

characterised in that it further comprises: 

t ADrri contained in the associative memory matrix (14), such as to produce de seiecoonoi y 
ieSor ! oUne corresponding redundant cel. row in the event of a valid recognrt.on; and 

. atleastoneconfigurat^ 
control circuits. 

the redundancy associative memory matrix (14). 

of cell matrices according to the corrective capability of the matnx. 

memory word in a matrix, in two different ways: 

- only once, upon recovery at the device (20) setting stage; 

. at each change of access address by means of an appropriate drive signal (ATD). 

. actfcatingtheaddress^ 

at most to one cell matrix of a single vertical group of matnces; 

. activating the address comparison during each read operation, where all the rows available for redundancy 
SSi at least two dfetinct cell matrices of deferent vertical groups of matnces. 
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register (17). 
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,1 a n„n volatile memorv device (20) with configurable row redundancy according to Claim 9. characterised in that 

- activating at each read or program operation of a memory cell, the comparison between the row address to 
S the memory cel. belo'ngs'and the contents of a grven row of the associative memory matroc (14), 

- actuating, at each erase operation of a memory matrix, the comparison HMN. the address of the memory 
matrix and the contents of a given row of the associative memory matnx (14). 
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